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© Power supply control method in multi-task environment 



© An information processing apparatus, which operates in a multi-task mode, calculates a total consumption 
power of devices used by each task* arid assigns higher execution priority to a task having the largest 
consumption power, thereby shdrtening/the execution tjnVe of the task having the largest consumption power, 
and suppressing the fotaj {cpnsumptiori power of the* af^aratu^.- VVHen a .device is started upon switching of 
tasks, if the total cqhsurriptiort power exceeds Se ajldwabie p by a /power consumed upon 

restarting of the device, the task is set in a waiting state until operations of other devices are completed, the 
consumption power is lowered, and it is ready to Use the device by the task. 
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BACKGROUND OF THE INVENTION 

The present invention relates to an information processing apparatus, which can time^divisionally switch 
and execute a plurality of applications or tasks, a processing method of the apparatus, and a power supply 
5 control method for the apparatus. 

Some, electronic apparatuses which incorporate mtcrocqmputojrs and the. like have a so-called power- 
down function of shutting, down supply or pperdting' the apparatuses 1 in a lbw^bnsumption power 
mode when a memory, .^display device, and' the like are hot accessed for a pfedetiermi/n'eti tim'e. . 

However, since the conventional power-down function enters a power-down mode independently of an 
to application which is being currently/ executed; when no access is made for a predetermined period of time, 
even a device which' is. not necessary for the currently executed application enters the power-down mode 
only after an elapse of thp predetermined period of time. Therefore, 1 the consumed powor and dolay time 
required before the beginning of the power-down mode are wasted, 

As will be described later with reference to Fig. 19, some devices require higher power than in a normal 
is mode upon transition to a low-power mode or transition from a low-power mode to a high-power mode. In 
this case, when a given device enters the low-power mode after an elapse of a predetermined period of 
time from the last access thereto, and resumes the high-power mode by an access immediately after the 
beginning of the low-power mode, the consumption power required when the device is kept in the high- 
power mode during 4his interval becomes lower than that required when the device is switched between the 
20 two power modes. 

Conventionally, information processing apparatuses which can execute multi-task processing are known. 
Each of these information processing apparatuses can apparently execute a plurality of parallel processing 
operations by executing the multi-task processing for time-divisionally executing a plurality of processing 
operations; With this processing, a single user can simultaneously execute a plurality of applications. When 

25 a plurality of terminals are connected to such an information processing apparatus, a plurality of users can 
simultaneously use the information processing apparatus. 

An operating system (OS) which executes the above-mentioned multi-task processing includes a 
processing unit (program) called a scheduler, the scheduler determines a task to be executed when a 
plurality of tasks are executable. Non-allocated tasks are queued and are not processed until the next 

30 allocation time. Such a scheduling method includes round robin scheduling, priority scheduling, and the like. 
In the round robin scheduling, queued tasks are managed in the form of a first-in-first-out (FIFO) list and 
are executed in the order of the list. In this method, a task whose allocation time to a CPU has passed is 
added to the end of the list. 

In the priority scheduling, the following method is realized. 

35 In a method of determining priority in correspondence with the execution levels of tasks, if there are a 
user level at which a program created by a user operates and a. privileged level at which the OS operates, a 
higher priority level is assigned to a task with the privileged level, Also, a method of assigning a higher 
priority level to a task with a strict limitation on its execution time such as a dynamic image reproduction 
task, a method of determining priority in correspondence with the qualifications of user IDs, a method of 

40 determining priority in correspondence with the ratio of the busy time in the allocation time to a CPU, and 
the like are known. 

In general, tasks with the same priority levels are classified to some ranks, so that the priority 
scheduling is adopted to manage tasks in each rank, and the round robin scheduling is adopted to manage 
tasks in units of ranks. 

45 On the other hand, in these information processing apparatuses, processing circuits must operate at 
high speeds to execute a plurality of processing operations parallel to each other. As a result, consumption 
power increases, and the temperatures of these circuits become very high during operation. Since such an 
information processing apparatus includes many I/O devices, a large amount of heat is also generated by 
these I/O devices. The heat causes operation, errors of the. apparatus; and deteriorates the reliability, of the 

so ■ apparatus^ For this; reasphv it is ^ irnfwrtant fo/reduce^nsu heat generation. 

. , A^jrtiethod of • reducing^ powetifee&ize&i in; ag v, a , : pr^i^!:^'mpu^e'f; as an example of the 

information processing. Apparatus; will be desch'bed:- te are 

• pdpUjarjifc^ :;^;\;V^h - ; :V r : K- ;>^; \ - : ':- ■ 

(iOVTfieni^ - >■ 

55 (2) TTie operation vqi^ 

(3) the operation freque^ - v 

(4) The operation of a circuit which is not being used is stopped. 
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off between the operability and consumption power. 
/h££t. W^V^n^-prior art ^ *^ M< ^ execoted by the time-divisional 

When the number of tasks which are apparency *y ^ied by 

processing is large, the waiting time of each task * pre £ged ^^^S^ , 0 resource 
. task is prolonged. In this case, the wa,t,ng ^Tm^mm^^sL when viewed from a singie 

resulting in wastef ul consumption powe. _ sche duler independently of the consumption 

,n the prior art, tasks are umquely cent rolled i by_ »» sche ^ n |/0 P resource requiring large power 

increases in size and cost of the apparatus. 
qi IMMARV OF THE INVENTION 

object to provide an information processing apparatus ™ ^ ^ ^ for the apparatus. 
Power, a processing method of the apparatus, and a ^supply oon ^^J° r apparatus.'**** can 
U is another object of the P'-f » Ss is exited to 

minimize the consumption power of the apiw^»J a processing method of the apparatus, and a 
minimize the waiting time of a device requiring large power, a processing me 

nower supply control method for the apparatus. . . ^ nrnrnqqino aDoaratus, which 

for the apparatus. nrnv/irie an information processing apparatus, which 

power-down function in correspondence with the applicationsanaqev.ee, . » 
apparatusv and a ppwer supply. ^o' ^^. ^^^r^PSp' an information processing apparatus which 

determination result, a processing method of the. -apparaiu*, tu u _ h • • • ■ ^ ; . 
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Other features and advantages of the present invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, in which like reference characters designate the 
same or similar parts throughout the figures thereof. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram showing the arrangement of an information processing apparatus 
according to an embodiment of the present invention;. . 

Fig. 2 is a block diagram showing , the. arrangement of GPU peripheral circuits in the information 
w . processing apparatus of the embodiment shown in Fig. 1; 

Fig: 3 is a block diagram showing the arrangement of a power supply unit to respective I/O units in the 
information processing apparatus of the embodiment shown in Fig. 1; 

Figs. 4A and 4B aro flow charts respectively showing device* I/O control and interrupt control upon 
completion of time measurement by a timer in the information processing apparatus of the embodiment 
is shown in Fig. 1; 

Figs. 5A and 58 are timing charts for explaining a power-saving control state of the information 
processing apparatus of the embodiment shown in Fig. 1 ; 

Fig. 6 is a view for explaining priority control of a task scheduler in the information processing apparatus 
of the embodiment shown in Fig. 1 ; 
20 Fig. 7 is a view showing the format of a task control block in the information processing apparatus of the 
embodiment shown in Fig. 1; 

Figs. 8A to 8C are tables showing the contents of the task control block in the information processing 
apparatus of the embodiment shown in Fig. 1; 

Fig. 9 is a flow chart showing control of I/O device acquisition processing of tasks in an information 
25 processing apparatus according to the first embodiment of the present invention; 

Fig. 10 is a flow chart showing control of I/O device release processing of tasks in the information 
processing apparatus according to the first embodiment of the present invention; 
Fig. 11 is a view showing various basic parameters for. scheduling used by a task scheduler in an 
information processing apparatus according to the second embodiment of the present invention; 
30 Fig. 12 is a view showing the management areas of device drivers in the information processing 
apparatus according to the second embodiment of the present invention; 

Fig. 13 is a flow chart showing start control of devices in the information processing apparatus according 
to the second embodiment of the present invention; 

Fig. 14 is a flow chart showing control upon completion of measurement by a timer in the information 
35 processing apparatus according to the second embodiment of the present invention; 

Fig. 15 is a flow chart showing restart control of a waiting device in the information processing apparatus 
according to the second embodiment of the present invention; 

Fig. 16 is a functional block diagram showing an electronic apparatus according to the third embodiment 
of the present invention; 

40 Fig. 17 is a block diagram showing the hardware arrangement of an electronic apparatus according to an 
embodiment of the present invention; 

Fig. 18 is a timing chart showing the mode transition timings and changes in consumption power states 
in the third embodiment of the present invention; 

Rg. 19 is a timing chart for explaining conventional mode transition timings; 
45 Fig. 20 shows an example of an access time interval table of the third embodiment; 
Rg. 21 shows an example of an access time table of the third embodiment; . 
Rg. 22 is a flow chart showing the updating processing of the access time interval table upon device 
access in the third embodiment of the present invention; 

Fig. 23 is a flow- chart showing the processing for.. determining if the control enters a mode L upon 
50 . :i .compietto to a device in the "third emc^imeht,of the present invention;. 

Rg;;-?4 shows an; example storing ^^;hysteres]s ; or access . times of an application A to an 

.Hppin^ : -.i,.. , = ..v. ..- . 

..R^v25v^hpws an e^mpier^arv HDD a£e$ss ih: the "fifth- embed of the present 

invention- and ->/.^h .•;>.-•* « . v? v- yvy-"<^ . 1 As '^Av^ . ■ ' % " - 

55 fig : 26 is a. timing chart showing charges in .consul power ^- states; upon rtrarisitipns of modes 
according to the sixth embodiment of the present invention; ■ ~-.v-- -.-■:•„■:.•....-■. 
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DESCRIPTION OF THE PREFERRED EMBODIME NTS 

"^^7^o«s o, the Invention will be * — — wit* 

^SSSlSttSSim app^s « this embodiment will be summed- 

bsloyy - ■ „„ = „,„c whirh can time-divisionally execute a plurality of processing 

in an information processing apparatus which ™ ed by each task is detected, and an operation 
operations, the total power required by hardware ^J" 5 ^specifically, hardware resources 
aSribute oi the task is determined on the- r^s^.he res ^ rce8 are detected, and as the 

, acquired by each task, and the total power ^"^^J^ a nighe r execution priority level is 
task has a larger total power of the acquned ^ ^ ~ ^ J execution priority level, 

assigned to the task. A scheduler of an operating system selects a 

and gives the right of execution to the task. execution timing of a task 

»M. minimis consumpson powr oy «» anwwwtmwi f "•»"« p 
. SD.soiplion ol m«a> of Mom** P«*,s*S Apparatus) 

ssrs ^ts.sx °< - ^ lnpu " w 

26 devices will be exemplified. controlling the entire information processing 

Referring to Fig. 1, reference numeral 1 * en0 ^* C ™™l c operations, t/0 control, and the like .n 
apparatus. The CPU 1 executes processing such as 2 includeS a real time . 

accordance with a program stored ,n a main memory 3 .AO PU penp ^ fof 

Cock generator 1001, a timer 1002. an int errupt con f^ ™^ ^ in Rg . 2 , ana control the 
controlling a peripheral dev,ce such as a DMA ~™ ar angerne nt of the CPU peripheral crcuit 

Referring back to Rg. 1. the ma,n a n0 n-u S e state of the apparatus of th.s 

ROM, and the like, and receives power from e.g., a ™ supply controller 

communication unit. dj , con troller which sequentially reads out 

In the display unit 31, reference numeral 5 * dj lay 6 such as a CRT while 
* display data from an internal VRAM (not ^^^^"JLt^ contro.s accesses from 
performing gradation converse and the like ° * e <* ta v M the y dis |ay 6 . T he display controller 5 

the CPU 1 to the VRAM, and data transfer from the VRAM to me a p y vram ^ a data 

performs bus arbitration to prevent a colhs,on ^"^f ^sSay controller 5 can perform logic 
Sansfer access from ^^^^^^SSS^i ^merits of the VRAM and a 
50 arithmetic operations such .a^^^^ 

predetermine^^ In the 

in the FDD Unit 32. reference S£ *h So^ofe a^ard disk drive tHPP^n the CD- 

HDP. unit ^te'ereW^ CD-ROM drive.: In-the pnnjer 

ROM "nit 34. reference numeral 1 1 denotes . — ^ a printer J Reference numeral 1 5 denotes 

55 unit 35. referen^ numefal^denotes formal Reference 
a communication interface <ff) ^.SSSt* 15 and from which 
" numerals 16 to 18 denote terminals wh.ch are <* nne "<~ 
respective users perform inputfoutput operations of .nformation. 
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The power supply arrangement of this embodiment will be described below with reference to Fig. 3. 
A switching power supply 27 converts an AC voltage of a commercial power supply input via an AC 
plug 28 into voltages (e.g., +5 V for digital circuits, -24 V for driving the display, and +20 V for motor 
drivers of the respective drives) used in the main body. 
5 In ihe information processing apparatus of this embodiment, operation power is independently supplied 
to each unit, and the power supply is turned on/off for each unit, thus saving power. In. some units, a power- 
saving mode is realized by stopping internal clocks or lowering the clock frequency: The unit arrangement 
of this embodiment, also includes a. CPU? memory unit 3G> constituted by the CPU 1, the CPU peripheral 
circuit 2, and the - main memory 3, and the communication unit 36 constituted by the communication 
ic interface 15 in addition to the above-mentioned units. 

Note that the power supply to the CPU-memory unit 30 cannot be "turned on/off, arid this unit is kept 
ON when the power switch is turned on. The display unit 31 includes the display controller 5 and the 
display 6. Tho FDD unit 32 includes the FDD controller 7 and the FDD 8. The HDD unit 33 includes the 
HDD controller 9 and the HDD 10, and the CD-ROM unit 31 includes th© CD-ROM controller 11 and the 
75 CD-ROM drive 12. The printer unit 35 includes the printer controller 13 and the printer 14. 

Power is supplied to these functional units via switches 21 to 26 included in the power supply controller 
4. These switches 21 to 26 have a one-to-one correspondence with the above-mentioned units. When a 
corresponding switch is turned off, power supply to the unit is stopped, and its processing can also be 
stopped. The ON/OFF control of these switches is executed by the CPU 1 via the CPU peripheral circuit 2. 
20 Note that these switches may comprise mechanoelectric elements such as electromagnetic relays, lead 
switches, or the like or may comprise semiconductor switches such as MOS-FETs. 

Control of the power mode of the respective device units will be described below with reference to Figs. 
4A and 4B. 

In this embodiment, a time elapsed from the last access of each unit is measured. When the next 
25 access to the unit is not made within a predetermined period of time, it is determined that the unit is not 
being used, and the unit is switched to the power-saving mode. For this purpose, a control circuit of each 
unit comprises a timer for measuring the elapsed time. Upon completion of the measurement of a timer 
value set in each timer, the timer generates an interrupt signal to. the CPU 1. When an access is made, to 
the unit in the power saving mode, the control circuit of the unit detects this access, and performs 
30 processing for resuming a function of a portion which has been stopped so far. 

In the above description, the control circuit of each unit comprises the timer for measuring the elapsed 
time. As another method, the timer 1002 (see Fig. 2) may be used. That is, the operating system 
periodically looks up the measured value of the timer 1002 in real time, and stores execution times 
corresponding to respective I/O units in the memory 3, thereby measuring the operation times of the 
35 respective units. 

A processing sequence executed when a certain task which must access one of I/O units is given with 
the right of execution by the scheduler of the operating system, and accesses a certain I/O unit will be 
described in detail below. 

The task scheduling method and its effect in the information processing apparatus of this embodiment 
40 will be described below with reference to Figs. 5 A and 5B. 

The operation of this embodiment will be explained below with reference to the timing charts in Figs. 5A 
and 5B. 

Fig. 5A shows the relationship between the execution states of respective tasks and the operation 
modes (a normal operation mode and a power-saving mode) of an I/O unit exclusively used by a certain 
45 task when the task scheduling method of this embodiment is not used. 

In this case, an operation state when there are three tasks (i.e., tasks A B, and C) which are virtually 
simultaneously executed will be explained with reference to Fig. 5A. Fig. 5A exemplifies a case wherein the 
task C exclusively occupies a certain I/O unit, (to be referred to as an I/O unit C hereinafter) until its 
processing is completed. Assume that a scheduler equally assigns the right of execution to these tasks in 
so scheduling for executing these tasks. A task assigned with the right of execution occupies the GPU machine 
cycle, and executes predetermined processing. 

. >Ah abscissa 900 ih.Fig. ,$Avrepr^'^rit5':the-'time^b^ ( and time elapses from the left to the right in Fig. 
5A. Reference numerals 90, 9i. arid 92 denote the execution timings of the tiasks;A, :B; arid C. In the 
execution timings 30 .to, 92^ each, task- is ex^uted at the. ti^ low (L) 

55 level. In this chart, an overhead;. time required fbr ; /e.g scheduler is not. 

shown. Reference numeral 93 denotes a change in power mode bf''ah''i/C/unH<ih^r(^iratdd in tffe apparatus. 
When the power mode 93 is at H level, the I/O unit G is set in. me normal operation mode for performing a 
. normal operation, and continues to be in an operation waiting state when no access is made. : When the 
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power mode 93 is at L level, the I/O unit C is set in a so-caned 

Some circuits are stopped. The control circuit of the VO unit C mcorporates an idle *™ <^ ' d e J' m f £ 
measuremVnt, i.e., measurement of an idle time each time an access from .he task C 

T ^measured idle time has cached t (idle time) as a predetermined threshold value, the control 

^^r^^r^S^ne of the operation .odea of the VO unit C — 
centre ZZ task C when task scheduling is performed based on the consurnphon power of eacn .,0 
unit used by each task of this embodiment will be explained below wrth reference to Rg. 5B 

In Fig 5B, the task arrangement and the expression method of the chart are the same as those .n hg. 

5A ',n this task scheduling method, task scheduling is performed in sue ha manner j hat the total 
consumption power of I/O units used by tasks is calculated, the total ^^^^^ 
US ed a,e P compared in uni* of Z^^ZZZTJZZ*" the 

S ^t^Z^^^Z, reL, Le , the task schedu.er 
priority to the task C, the execution frequency of the task C becomes higher than those of the tasks A 

B ' i„ Fig 5B upon completion of the fifth execution of the task C at time t3, the task C releases the I/O 

JIS tote 5A and 5B control for switching the unit C to the powering mode .s made at time t4 
J J£ ^fJtSSL unit C toV powering mode is made at time t2 .ater than tme 

W 'with' £ contro. of this embodiment, since the processing time of a task which uses an ./O unit with a 
,arge consumption power can be shortened by a time (t2 - 14). power consumed by the I/O unit dunng this 

ratrctrt showing the flow of processing in which a task assigned w«h the r^t of 
execuL by the scheduler inputs/outputs data via each I/O unit (to be s.mp.y referreo to as a dev,ce 

«, h8 TS'si20, data ./0 processing wKh a predetermined device is P"^^ 8 ™£ J^JJ 
corresponding to the device is initialized, and starts counting. Th,s processing ends, and the flow returns 

the power-saving mode. In step S123, the time measurement by the .die t.mer .s stopped. Th.s process.ng 
ends, and the flow returns from this routine to the main routine. 

Wth the above-mentioned control, the power mode of each dev.ee can be swrtched. 

so (Description of Arrangement of Operating System) 

The arrangement <* the operating system ol the information processing apparatus of this embodiment 

Wi " The^rS, rea^s^^-heduling win ^^ m^^^ m a Bfl. 
* 6 is a view for explaining the arrangement of the schedulercofjhis • _ _ 

This scheduler is started each time when a predetermined penod-pf: time (e g., 100 .is) .s measured by 
a time . and switches tasks to be executed. The scheme contro. of this 

sch^u ing while classifying the priority levels of tasks into four ranks. At the same pnonty level, tasks to be 
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executed are controlled to be switched by the above-mentioned round robin scheduling. 

Reference numerals 50 to 53 denote queue headers of the respective priority levels. The queue header 
50 with priority level 4 corresponds to the highest priority, and the queue header 53 corresponds to the 
lowest priority (priority level 1). Queued tasks are coupled to each of the queue headers 50 to 53 of the 
5 respective priority levels in a list structure. Reference numerals 54 to 57 denote queued tasks connected to 
the ends at the respective priority levels. 

Each task has a table called a task controller block (TCB), and the operation of each task of this 
embodiment is controlled in accordance with the TCB. The TCBs of the tasks are linked via a bidirectional 
itst. Queuing of queued tasks used in scheduling is also realized by the bidirectional list of the TCBs. 
io The contents of the TCB will be described below with reference to Fig. 7, 

Reference numeral 70 denotes a task ID which is set by the operating system to identify a task. 
Reference numeral 71 denotes TCB link data for interlinking to the TCBs of other tasks. Reference numeral 
72 denotes an execution queue link for linking queued tasks. Reference numeral 73 denotes link data for 
controlling the semaphore among tasks. Reference numeral 74 denotes queue priority data of the task. 
75 Reference numeral 75 denotes task status representing the current task state. The task status 75 includes 
flags indicating enable/disable, suspend/in-execution, and the like of execution. Reference numeral 76 
denotes a device list indicating devices acquired by the task itself and its sub task. Reference numeral 77 
denotes a total consumption power of devices acquired by the task. 

The detailed arrangement of the TCB will be described below with reference to Figs. 8A to 8C. 
20 Fig. 8A shows the arrangement of the device list 76. The device list 76 stores device information 
acquired by each task, and is updated upon acquisition of a device. In Fig. 8A, reference numeral 80 
denotes a device ID for identifying an acquired device. Reference numeral 81 denotes the consumption 
power of each device. Reference numeral 82 denotes the acquired time of a device. Reference numeral 83 
denotes the task ID of a task which acquired a device. Note that a device acquired by a sub task is 
25 recorded in the device list of itsi originating task as well as its own device list. 

Fig. 8B shows the storage state of the total consumption power of devices acquired by each task. 
Reference numeral 84 denotes a storage area of the total consumption power. This area stores a total of 
device- consumption powers 81 in the device list. ... 

Fig, 8C shows the storage state of variables for the priority level. The initial value of the priority level of 
30 each task is set by the operating system. The set priority level is corrected in correspondence with the total 
consumption power of devices used by the task, thereby determining a new priority level. This correction 
value is calculated based on tho following formula: 

Corrected Priority = Setting Value + Power Correction Value (1) 

35 

Referring to Fig. 8C, reference numeral 85 denotes a priority level set by the operating system. 
Reference numeral 86 denotes a power correction value based on the total consumption power of devices 
acquired by the task. Reference numeral 87 denotes a corrected priority level, which is corrected based on 
formula (1), 

40 

{Description of Processing Operation (Figs. 9 and 10)> 

The flow of processing of this embodiment will be described below with reference to flow charts. 

In this embodiment upon acquisition of the right of use of a device, the device list in each TCB is 
45 updated, and the total consumption power is calculated. Furthermore, the priority level is changed in 
correspondence with the total consumption power. 

The processing of: a device driver for acquiring each device will be explained below with reference to 
Fig. 9. 

In step Si 00, device acquisition processing is performed.' More specifically, various kinds of information 
so are checked to check if a device to be accessed by a task is ready. In step 5101, it is checked if a desired 
device can be acquired. If YES in step S101, the/flow advances to step S1 02; otherwise, the processing 
ends.. In step S102, the new device acquired in step S100 is added to the device; list . 76 in the TCB pf the 
task, which issued the acquisition request In step SI 03;- the consumption power of the acquired device Is 
added to the total consumption power 84. In step Si 04, the correction value of the priority " level Is 
55 calculated in accordance with the new total consumption power, and the calculation result is stored = in the 
corrected priority level 87. The processing ends, and the flow returns to the processing step of a; host 
processing program which called this routine. 



9 



£PC <*>461« 



6 " To{ al Power x k 



: constant) '"" c " r °ial Power - k 

5? 3b -. accord to (h . eWCe ^ ^ ^t ^r be in 

I Option POW e r i T Um0tion "Sr o ? ** eXecut '°" P*«v , 

i pr , ority . ™* ^ con*^ ^° b " luting is Correcte . 
i 3 "t) y 8 " 9 -' an a'Sorithn, for 

I faotfment described abo 






EP 0 683 451 A2 

1 1 are allocated in the main 
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,n order to perform the above-mentioned processing, areas shown in Fig. 
memory 3. . ronsum n t ion power of the apparatus is allocated in a 

A total power register 1 10 -for is stored-inTea. time when dev.ce 

common, memory area 3, The ^^^"^^r , 0 fn correspondence with, changes in staus^ 
drivers update the contents of the total P™*"^ . located t0 irtd ^ 

Furthermore, a maximum allowable power reg^er V ^ dSstart queue list 112 is ailpcated to. manage 
from the power supply of the ^^^Z ,i st 112 stores an ID ti 3 of a start queued 

d&vices which are waiting for start.ng. T+«^ dev.ce fWJ^ routine, and the l.ke. 

device, atask ^^^^^f^^^t^ 12 a cSmahd buffer 120 for temporarily 
,n a memory area for each dev.ce dr.ver, as ^ g ^;V gernetlt af , a including an area 121 for 
storing :a commas r^eiyed irfth^ 

storing the consumption power in *-r^°2TS^t^ dri ^ S - Furtherm ° re ' * 

SSH^ V.^Z^Z^ set wi,a timer value tor measuring the t,me 

P u rsS: f irss ----- — - — to the f,ow charts in 

^Vg 3 K*. «ow chart showing the flow of ,0 trap processing which is started when a task accesses a 
device in the power-saving mode^ . are stored in ^ e command buffer 

In step S200. the contents of an access t ^^* ™£^ the total consurn ption power of the 
12 0. in step S201, the value of ^^^^^"STvJu. of the area 122 indicating the 

,„ step S203. it is determined that f^ c ^^\^ M of the total power register 10. 
the consumption power upon starting of the rje.ee « ^ ^ ^ ^ „ 

The flow then advances to step S204. In step b^u*. an _ the . device. In step S205, a- 

4 and a controller of the device, and a power supply stored in the tim er are, 123 « 

30 stabilization waiting timer of the dev.ee « res ^J^^ a J; , u s ending proC es S ihg. 
30 set as a timer value, and the timer starts t.me ed t?.at the'device cannot be started. «• to* 

On the other hand, in step S206, s.nce ^.t ,sde eonmea -event waiting" status. The flow 

-ct^^ rat : z st 

JL vS processing is performed in *^ fd ^ dele is subtracted from 

„ the va.ue of the area 122 indicating the ^ llTrtVve* 121 indicating the consumption powenn 
the value of the total power reg.ster 110 h step S213. the first task in the dev.ee start 

a norma, operation of the dev.ee .s added to afQ ? istered in ,he device start queue ,st 

queue list 112 is read. In step S214, ,t .s checked .1 ^ev.ce ^ are eg ends |n ^ s215> tn9 

UZ. If YES in step S214. the flow ^^°^^ZZn2% called, and the processing ends 

-c-sirrs — - istered in the start 

qU t& - -^3 an, »e like, J. SSS^^ 
queue I* 1 * * step S221 . the value o the are ^22 md.cat.ng the js ^ 

Lice is added to the value of the total ^V^^^*™^ controller 4 and a controller of 
. .-executabieMn step S223-ah/instruct,on , h Sep S224. the stabilization wa,t,ng 

the device: and a power supply f ^^^^SSSin^Smer, ahdnhe^iiner^arts time 
timer of me-aevice Jssreset.>awal U& ^ the^rner v areaj^ .s,s. ; . ^, .., -.v 
measurement, thus ending r^bcessing. : consumption power of a plurality of devices fronr 

The aboye-meritibned processing ca^ dovices are simultaneously 

exceeding the maximum consumption power of; the.apparatus wtw . 
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[Third Embodiment] . .. 

h ™ th« hardware arrangement of an electronic apparatus according to 
Rg 17 is a block diagram showing the hardware *"c". y 

the ttiird-W ^xih ^rfiiifldini^te.pf tli9.prosenl l ^J n ^"- cpu , which conlr ols the entire apparatus in 

: Referring to Fig. 17, reference numerai 130 o ^ , 32 donotes an input 

accordance with a centre, program stored ,„ a £X such as a mouse, or the .ike 

unit (input device,, which compnses e.g., a teybc* d a ^ a * ^ varj data input from the input unrt 
Reference numeral 133 denotes an «^^^ ^ J t (disp , ay device) such as a liquid crystal 
, 132 to the CPU 130. Reference numeral 134 denotes a *sp»/ i M ^ control of 

di SP .ay, a CRT, or the like, which dispiays data ^ ^J^L, stores various data such as 

a display controi circuit 135. Reference numeral 136 deno to s a ^ ^ sl0 ,, ng 

font data. Reference numeral *f » J^££r££ a memory control circuit, which performs 
various data by the CPU 130. Reference numera ' M ^ ^ witn a na rd disk contro 

o read/write control of the ROM 136 and the RAM 137, and o ^ g hard ^ ^ 

circuit 139. Reference numeral 140 denotes a hart o«k dnve u ^ ^ fl 

circuit for controlling data read/write «^ to JJ^ dala between the CPU 130 and a commu- 
communication unit (communicator, device) wh eh ™^ nurne ra. 143 denotes a power supply for 
nication line via a communication control c '< cu Vjf a units. Reference 

25 su PP .ying a power suppiy vo.tage to ^^^^^ (the f.ow charts in Figs. 22 and 23) 
numera. 131 denotes a main memory, which stores a contro P g ^ operatJons by 

. executed by the CPU 130, and is also used as ^^^-^ CPU 130 . The timer 144 starts time 
the CPU 130. Reference numerai 144 denotes a internal i «m ^ ^ 

measurement upon power-ON of the «*»• H (hifln-PPwer mode) and a 

30 The above-mentioned units can •j^'J^iSS, circuits, When each unit is used, it is set 
mode L (low-power mode) under ^ ^^^f^Z,** from the mode H to L or vice versa, a 
in the mode H; otherwise, it transits to. the mode L. U P°" d jces ire power larger than 

certain time is required. In a transient ste ^^ the mode H immediately after 

in the mode H, and such a transition is .not W**™^ ™ a device in the mode H is not accessed for a 

,n the electronic apparatus of •^^T^*^' *«» mode U is to be made, 
predetermined period. of time, rt is ch ecked if astatus i fra n£ o ^ tQ ^ 

The status transition in the third embodimen wH be . e*tam* ^ indicating the end 

Fiq 18 is a timing chart showing an example of the status m , started . The device is set in a 
o» use 9 o, a device is generated* «me 11. . ^J^^S H o ?SLmo». a transition to 
steady state in the mode L at time t2 v.. a tf ^^ s ^ a « me t3. The device is set in a steady state 

— ISS; SMhIS «™ « .o H upon ^ o. «. — — * 
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, : giyen.by:. . , . 

On the othe^hand. a^nsprnptipn power VV2, from, time ,n .v--^^-- 
bvabrokenHnein Fg.^ 8) is given by: ; X^^/^ .. . 

55 ^ VV2 == P2 x (t4-t1) v v Ao^ - 1 ,.. ' 
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By calculating the two formulas* it can be determined which one of powers with and without a transition 
is larger. The consumption powers PI. P2, P3, and P4 in the abovermentioned states, and the times (t2 - 
tt) and (t4 - 13) required for status transitions are defined in units of devices. 

if ah end trigger is generated at time tl, time t3 is. predicted at time t1, and whether or not a transition 
to the mode L js to be made. is determined based oh which /resuft- of 'two formulas (3) and (4) is larger. If 
time t3 at which-a use trijggei^ isygjeherWed- satisfies formula; (5) below, it is determined that a transition to . 
. the mode Listo be made after, generation of, an- end trigger in Ihe^mqde H to obtain. a' smaller consumption 
power; otherwise, it is c^tormin^ to the.h3pde L is nbrto be made even after -generation of 

an end trigger in the. m<^ . 

From <t3 - t2) x <P2 - Pi) > (P3 • P2) x (t2 t1) + (P4 - P2) x (t4 - t3), 



30 



t3 > t2 + {(P3 ^ P2) x (t2 - 11) + (P4 -. P2) x (t4 - t3)}/(P2 - P1) (5) 

As described above, in the third embodiment, by predicting time t3 at time t1, whether or not a 
75 transition from the mode H to L is to be made is determined. 

Fig. 19 is a timing chart for explaining conventional status transition. In this case, a status transition 
from the mode H to L is not made immediately after an end trigger is generated, but is made after an 
elapse of a time (tV - t1). The status transition from the mode H to L is completed within a time (t2 f -tV). 
and thereafter, a status transition from the mode L to H is made in response to a use trigger generated at 
20 time t3. 

As can be seen from a comparison between Figs. 18 and 19, the time (t4 - 11) between the generation 
timings of an end trigger in the mode H and a use trigger remains the same, but the consumption power of. 
the conventional control is considerably larger than that in the third embodiment. 

A case will be exemplified below wherein the above-mentioned principle is applied to a multi-task 
25 system. Assuming that an application A accesses a certain device once per a seconds, an application B 
accesses the device once per b seconds, and an application C accesses the device once per c seconds, 
the device is accessed at a rate of {(1/a) + (1/b) + (1/c)} times per second. In other words, the device is 
accessed once per 1/{(1 /a) + (1/b). + (1 /c)} seconds. 

Therefore, time t3 at which a use trigger is generated can be predicted to be:. 

t3 = t1 + 1/{(1/a) + (1/b) + (1/c)} (6) 



. By substituting time t3 in formula (5), whether or not a transition to the mode L is to be made is determined. 
As shown in Fig. 20, time intervals (time elapsed from the previous access to the next access) of 
35 accesses made by applications to the respective devices such as the input unit 132, the display unit 134. 
the ROM 136, the RAM 137, the HDD 140, the communication unit 141, and the like are stored in the form 
of a table. The above-mentioned values a. b, c, and the like are determined in accordance with these 
access time intervals. The values in the table are updated by the following method every time applications 
(A to E) actually access the above-mentioned devices. 
40 Fig. 21 shows the end times of previous accesses made by the respective applications to the 
respective devices. In Fig. 21, each end time is expressed by an absolute time (seconds) in accordance 
with the time (seconds) elapsed from the beginning of use of this system. In the following description, these 
times are similarly expressed. 

Assuming that a certain application accesses a certain device, a value obtained by subtracting the time 
45 (the end time of the previous access) shown in Fig. 21 from the current time corresponds to the time 
. interval until the current access. In order to more accurately predict an access time interval until the next 
access, not only the current time interval but also the previous time intervals are preferably used. For this 
reason, an average value between a time interval (a value obtained by subtracting the time in Fig. 21 from 
the current time) until , an access to. a certainv device by a certain application, and a previous access time 
so ■ interyaU(the value shown, jn^ table value (Fig. 

20), c^ device )s::u^jiated using.;the^ as a new access 

time ihteryaL 

^Upbri- completion: df an a^essr.t 
to th6 applicatiph and the device sh 
55 Fig,. 16; is a function^ . ...... . ...... ...... ^ , 

. SeferenGe' x n;um^l; i 60. denotes a deyic>.^ therc^ 3?» 

135, 138, .139,. arid i42.:6f the . respective uniis shown deOP^ a 

calculatic^discrimination unit, .Whicb. corresponds to the CPU 130- the* maim ^ 

13- 
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shown in Fig, 17. The calculation^ scrim inatipn unit 161 calculates the above-mentioned formulas, and 
discriminates based on the .calculation result whether or not a status transition from the mode H to L is to 
be made. Reference numeral 162 denotes a time count unit, which corresponds to the timer 144 in Fig. 17, 
and measures the time (absolute time) elapsed from the beginning of the use of the electronic apparatus of 
5 the third embodiment Reference numeral 163 denotes an access time interval table, Which stores the 
apcess time, interyals requj.red vyhen .th^ .respective.! units (devices) in the format 

shown in, ..e.g.-, Fig. 20, Reference humeral 164 denotes, an access^ stores the absolute 

times at which previous, accesses to the respective devices by the applicati bhs ended, as shown in Fig. 21 . 
Items are added to the access time interval table 163 and the access time table 164 each time a new 

io application is executed. Upon, completion of the execution of the application, time information is stored in 
the access time table 164. In the calculation of formula (6), the item of the access time table corresponding 
to this application is not referred to. When this application is executed, again, the current time measured by 
the time count unit 162 is stored in the access time table 164 corresponding to the application. Note that 
these tables 163 and 164 may be stored in the main memory 131, or may be stored in the ROM 136. 

is The operation executed v/hen a certain application accesses a certain device (e.g., the HDD 140) in the 
third embodiment will be described below using detailed numerical values with reference to the flow chart in 
Fig. 22. Note that the control program for executing this processing is stored in the main memory, and the 
CPU 130 executes the processing in accordance with the control program. 

Assume that an application A accesses the HDD 140 at the absolute time of 3,600 seconds in step S1. 

20 The flow advances to step S2, the end time of the previous access to the HDD 140 by the application A is 
read from the access time table 164 shown in Fig. 21. In the case of the HDD 140, the mode H corresponds 
to the rotating state of a motor, and the mode L corresponds to the stop state of the motor. In Fig. 21, since 
the end time of the previous access is 3,592 seconds, in this case, the time elapsed from the end cf the 
previous access by the application A to the current time is calculated by (3,600 - 3,592) in step S3. As a 

25 result of this calculation, the elapsed time is 8 seconds. The flow advances to step S4, and an average of 
the current access time interval (8 seconds) and the previous access time interval (the value stored in the 
table in Fig. 20; 20 seconds) is calculated. The flow then advances tc step S5, and the calculated value is 
set in the access time interval table 163. 

More specifically, since the time interval of the previous access tc the HDD 140 by the application A is 

oo 20 seconds from Fig. 20, an average of 8 seconds described above and 20 seconds obtained from Fig. 20 
is calculated, and the calculated value, "14 seconds", as the average value is determined as a new access 
time interval. Based on the determined value, the access time value of the HDD 140 by the application A in 
the access time table shown in Rig. 20 is updated from "20 seconds" to "14 seconds". 

The operation executed upon completion of an access to a certain device by a certain application will 

35 be described below with reference to the flow chart in Fig. 23. This processing is also executed by the CPU 
130, and a control program for executing this processing is stored in the mairi memory 131. 

Assume that an access to the HDD 140 is completed at the current time of 3,602 seconds in step S11. 
The flow then advances to step S12, and the corresponding time in the access time table 164 is updated. 
More specifically, the end time of the access to the HDD 140 by the application A in the table shown in Fig. 

40 21 is updated from "^592" to °3602". The flow advances to step SI 4, and time t3 is calculated using the 
. following formula based on formula (4) described above: 

13 = tl + l/{(i/a) + (1/b) + (1/c) + (1/d) + (1/e)} (5) 

45 Note that t1 = 3,602 seconds. 

As described above, a has already been updated from "20" to "14". On the other hand, b to e are 
respectively b = .30, c = 30, d = 300, and e = 1 ,800 from Fig. 20. Therefore, t3 is about 3,609 seconds. 
Thus, t3 = 3,609 is substituted in;ipnrnu|a (5) above, and when 13 satisfies formula (5), the HDD 140 is 
■ controlled to transit to the mode Lrotherwise; transition to the mode L is not performed, 
so ;ln the conventional methodf a^ for- a predetermined 

-penc$>p| tjme(t1^f^ 
interval, the .device is controlled to - transit tp> the mb^e. L. 

* -?:/?,\ln.vOon1*ast.i;tp this.imtte^ L a t 

time U , the power of <P2 ~ p ji) % (U'^ttycan- b^i s£v£d; : ! £ ^ ? •. V '^i?:*--* - \ / i ■ ; ■ = 

55 v Note that jormuja .(6) meansdhat ^ are- 
; executed ;=simu|t^iTOus^iy,-toe vaiue t3 becomes ^mallj^ 
hard to satisfy, and as a r^ltVtfansjtfo^ of the 

* transient state during a transition on the consumption power and delay time can be sUp^essedi -*-^ 
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In the third embodiment, upon completion of an access to a certain device, whether or not a transition 
to the low-power mode is to be made is determined without waiting for an elapse of a predetermined period 
of time. For this reason, the low-power mode can be efficiently set. and a power-down function can be 
realized. 

5 

[Fourth. Embodiment] 

In the fourth, embodiment,. a hysteresis of intervals, between the previous, accesses and. the next 
accesses to a certain. device, is, recorded -The consumption power W1 (t3) at time t3 in each of past n 
,o accesses is calculated using formula (3). and these values are averaged to obtain an expected value W3 of 
the consumption power. 

W3 = <T(P3 x (t2 - tl) + P1 x (t3 - 12) + P4 *..(t4 .', t3»}/n <8> 

is where Z is the sum of n consumption powers. , 

Formulas (4) and (8) are calculated, and whether or not a transition to the mode- L is to be made is 
determined by comparing the calculated values. If W3 < W2, a transition is made, otherwise, a trans.t.on is 

" 0t TiSmula (8) above, since the values P1. P3. P4. <t2 - 11). and <t4 - 13) are defined in units of devices a 
20 table for storing values <t3 - t2) (the time in the mode L) upon accesses to devices in correspondence with 

applications is prepared, as shown in Fig. 24. f rnm 
In this manner, the expected values of the consumption powers with and without status ™*ons from 

the mode H to L are compared, and whether or not a transition is to be made is determined based on the 

comparison result. As a result, a possibility of selecting a transition with a smaller consumptjon power can 
25 be increased. . 

[Fifth Embodiment] 

The hard disk drive (HDD) 140 is normally accessed as a file. Also, the HDD 140 is'accessed as e*. a 
virtual memory for the purpose of saving the memory contents. Therefore, the access time interval of the 
HDD varies depending on states, i.e., if a file is open, if the virtual memory is enabled, and so on. Fig. 
shows an example of access time intervals in such states. 

As can be seen from Fig. 25. the access time interval of the HDD 140 when the wtual memory is ON s 
shorter than that when the virtual memory is OFF. and the access time interval when a f.le is open is 
considerably shorter than that when a file is closed. ...... ^ v H^rmineri a<s 

Using Fig. 25 as a time interval table, whether or not a status transiton is to be made is determined as 
in the third embodiment. Other devices may often be accessed as a file, and the same applies to these 
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^"'According to the fifth embodiment, the access time interval of a device can be predicted not only in 
units of applications but also in correspondence with the time intervals in units of system status. 

[Sixth Embodiment] 

In Fig. 18 described above, if the delay time required for the status transition from when a use .trigger is 
input at time t3 until the device can be actually used at time t4 is long, a user must wait for a relatively long 
period of time, thus adversely influencing operability. ■ 

As shown in the timing chart in Fig. 26. an imaginary cbnsumpt.on power .s added to th actua, 
consumption power P4 in the transient state from the mode U to the mode H. i ^ «" - 2?SSS 
by .. P.5.; Whether or. not a transition to the mode L is to be made is determined .using formula (9) below m 
so place oii formula (5) above: 

t3 > 12 +. {(P3 - P2) x (t2 , tl ) tv (P5- P2) x (t4 - t3)}.'(P2 - P1) (?) 

Sine e ^*:S 

55 transitions to the mode L rareiy take place. ... « '.^ H is 

the sixth embodiment is effective when a high-speed trapsifton from the mode L to the mode n is 
required at the cost of a sljght;increase in consumptiph.ppwer. . :; t ; : : v; •■•"=• - s? - . : ■•=-- 
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By justing the value PS, a trade-o* *e consumption power ana ,e status transition speed 

«on power o» devices used by each ^ ^Sg the largest cor.s^io, - 

consumption power, thereby apparatus. When a, device is started upon 

power, and suppressing the total ^-mp^^* £ S*^ power< , f the apparatus by a power 
switching of tasks, if the total W^^^t ^waiting state -until* operations of other ttevces 
consumed upon restarting of the dev.ce he^ag J m device by , the task . 

are completed, the consumption power .s lowered, and is rea > 

Claims 

, m mmm , « ««. '» «• — • * p '" r * - — *' a *"" d * 

comprising; ^ „ op.*™ Mart on «>« MB 

-^E^^^s.^ — 

*** SnT — !S,04, S.U> .o, on^n. « P«„ —on o, « «. In «=»*'•» ««» 

a task with a larger total consumption power. 

™ ^ «^ . - 1. *~ i™f sr. 

(1. 2, 4) for decreasing power to be supplied to a device wn.c 
predetermined period of time. 

povSpM » ft. **. t» «d po«« aw* «** 

« .oca*, app«. » » — « ' - — " " 

comprising: ovcr.rtinn order of processing operations based on the tasks 

-sirs: ^^r^^^'srs 

,o power required upon starting of the new qeyiL.« u 

storage means and said use power storage means; , emptier power 

5 0 waits. 

consumption power. . . ' .'..:]< ;W s/.-hja^ 
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The apparatus according to claim 6, characterised in that when the task begins to use a given device, 
said use power storage means reads out the consumption power upon starting of the device the use of 
which has begun from said storage means, and adds the readout consumption power to the total 
consumption power. 

.The apparatus according to anyone claim of claims 4 to 7, characterised by further comprising time 
measurement means (123) for measuring a time required for starting the device. 

.9. The apparatus according, to claim 8, characterised in that: when time measurement by said time 
measurement means 'ends, said use. power, storage means subtracts the consumption power upon 
starting of the device from the total consumption power, reads put the consumption power in a normal 
operation of the device from said storage means, and adds the readout consumption power to the total 
consumption power. 

10. The apparatus according to anyone claim of claims 4 to 9, characterised in that when the total 
consumption power stored in said use power storage means becomes small, and it is ready to start a 
waiting task, said control means starts the waiting task. 

11. A processing method in an information processing apparatus for time-divisionally executing a plurality 
of tasks, characterised by comprising the steps of: 

calculating (S103) a tota! consumption power of devices accessed by each task; 

changing priority levels of the tasks (S104) in accordance with the total consumption power of each 
task, so that higher priority is given to a task with a larger total consumption power: and 

controlling an execution order of processing operations by the tasks in accordance with priority 
information which determines the priority levels of the tasks.. 

12. The method according to claim 11, characterised by further comprising the step of decreasing power 
(S122) to be supplied to a device which is not accessed for not less than a predetermined period of 

■ time. 

13. The method according to claim 12, characterised by further comprising the step of canceling the 
decrease in power supplied to the device when a task issues an access request to the device to which 
the decreased power is supplied. 

14. A processing method in an information processing apparatus for time-divisionally executing a plurality 
of tasks, characterised by comprising the steps of: 

controlling an execution order of processing operations based on the tasks in accordance with 
priority information which determines priority levels of the tasks; 

calculating and storing (S103) consumption powers of devices which may be used by a task, and a 
total consumption power of devices used by the task; 

determining (S201) a totaJ consumption power upon starting of a new device on the basis of the 
consumption power of the new device when the new device is used:' 

determining (S202) whether or not the determined total consumption power is not more than a 
maximum allowable power of said apparatus; and 

permitting (S204) the use of the device by the task when it is determined that the determined total 
consumption power is not more than a maximum allowable power of said apparatus, and controlling 
(S206, S207) so processing by the task waits when it is determined that the determined total 
consumption power is more than a maximum- allowable power of said apparatus. 

15. The method according to claim 14, characterised by further comprising the step of subtracting (Si 12) 
. me cpnsum the total consumption power when 

the use of the device by "the>iask.-ehas-.. .* : v. - ^ •.^vc-^- v.- 

16. The methc^ tne ctt^jsBdfc powers' of the devices Include 
a consumption power upon starting of each. deyice^and . a cbh 0 f 
the device. ...... -w : . ." . 
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„ The method ^ . * «. characterised 0, «- cc^ st.P - — « - . 

required for starting the device. • t aking the 

■ 19 . The according to Calm ^^SS^^ 

total consumption power* ^ 

^ St,g» access wd time to the device. a J and the next access tiim, ol the 

said storage means. 
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said storage mean*. s a first 

™L -eh is sa-ed uril the «m. £*fi^ ? m ^nd . status »*h Wn the lo«-p.»* 



pvtra cower aue xo a aiaiu^ — 
mo i to a normal state until the next access 
becomes larger than the second power. 
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becomes larger uwn — «" 

. ^ ■„ fh*t discrimination means compares a 
25 The apparatus according to Cairn 21 ^ sobSned when the low-power mode 
25, ^sumption Power expected value unt th •™J£f^ and a con.«n^ power 

is set based on the time predated gJ^J^,^ set , and sets the .ow-power mode when the 

=p^ 

■ . h*»2,' characterised in that said storage means lurther stores access 
time intervals in correspondence w,th states tn 

' " •£ 24' wherein said^ discrimination means virtually increases the second 

- t 

.,.,pOw^ 

predicting (S13). «^ W*"^ access time intervais; 

access time of the applicatton to the dev,ce on the oa 
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discriminating (S14) based on the prediction result whether or not the device is to be set in a low- 
power mode; and 

operating the corresponding device in the low-power mode on the basis of the discrimination result 

5 29. The method according to claim 28, characterised in that the device includes at least one of an input 
unit, a display unit, and an external' storage device. 

30. The method according to , claim 28, characterised by further comprising the step of storing an access 
end time to the device, and wherein the access time interval is calculated based on the stored end 

to time, and the stored time interval is updated with reference to the stored time interval. 

31. The method according to claim 28, characterised in that the discriminating step includes the step of 
comparing a first power which is saved until the predicted time, and a second power as an extra power 
duo to a status transition to the low-power mode and a status transition from the low-power mode to a 

is normal state until the next access, and discriminating that the low-power mode is to be set when the 
first power becomes larger than the second power. 

32. The method according to claim 28, characterised in that the discrimination step includes the step of 
comparing a consumption power expected value until the next access, which is obtained when the low- 

?o power mode is set based on the predicted time, and a consumption power until the next access, which 
is obtained when the low-power mode is not set, and discriminating that the low-power mode is to be 
set when the consumption power is larger than the consumption power expected value. 
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